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The Micro-Hole and Strip Plate (MHSP) is a hybrid electron multiplier which combines the working principles of a Gas Electron
Multiplier (GEM) and a Micro-Strip Gas Counter (MSGC). The compact double stage electron multiplication processes found in the
MHSP enables the realisation of higher gas gain than the lone GEM operation. Thermal neutron detection using gas detectors involves
the use of 3He gas with another suitable stopping gas, operated at elevated pressure to confine the products of the neutron-3He reaction.
It is, however, well known that the gain of GEMs drops too sharply with increasing chamber pressure.
We have pursued experimental work using the MHSP to infer the upper limits of thermal neutron position resolution. The stopping
gas used during the present studies was Tetrafluoromethane ðCF4Þ chosen due to its low X-ray and g-ray efficiency, requiring only 2.6 bar
to yield a position resolution of 1mm. In the present studies, systematic measurements were taken to establish the gain versus CF4
pressure characteristics of the MHSP, in the 1 to 2.65 bar range. These studies demonstrated that it was possible to sustain gains above
104 and 300 with pressures of 1 and 2.65 bar, respectively. The advantage of having two multiplication stages in the MHSP separated by
only few tens of microns, results in a less pronounced gain reduction with pressure, presenting higher gains than single or multiple
GEMs. The energy resolution at 1 bar was 29% FWHM for the 5.9 keV Mn Ka line from a
55Fe source, which is a typical value for
micro-patterned gas detectors operating in CF4.
r 2007 Elsevier B.V. All rights reserved.
PACS: 29.40.Cs; 29.40.Gx; 85.60.Gz
Keywords: Micro-hole and strip plate; Thermal neutrons; Effective gain1. Introduction
The Micro-Hole and Strip Plate (MHSP) [1] is a hybrid
detector combining a Micro Strip Gas Chamber (MSGC)
[2] and a Gas Electron Multiplier (GEM) [3] in opposite
sides of the same substrate, having the advantage of two
multiplication stages. The MHSP has been intensely
investigated, showing very good detection capabilities,
providing high gains and good energy resolutions when
compared to other micro-pattern devices, including its
operation under high pressure [4,5]. Imaging capability can
be achieved by reading the anodes either individually or ine front matter r 2007 Elsevier B.V. All rights reserved.
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structuring the GEM side for the second dimension.
The aim of this work is to infer the ability of the MHSP
for thermal neutron detection and evaluating an upper
position resolution limit using 3He=CF4 mixtures. From
several possible nuclear reactions for neutron capture and
subsequent detection, one of the most common is the
reaction of thermal neutron with 3He nucleus yielding a
573 keV proton and a 192 keV tritium: 3Heðn;pÞT.
For position detection capability, the centre of mass of
the avalanches originated by the proton and the tritium is
measured, which means that there is always a systematic
error associated with the measurement. This error is
dependent on the range of the two particles in the medium.
The range of 573 keV protons in 3He at 1 bar is too long [6],
which imposes the need for a high pressure operation as
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Fig. 1. Gains obtained with MHSP operating in CF4 as a function of
applied voltage for a number of different pressures. VAC is the voltage
between anodes and cathodes on the strip-side.
Fig. 2. Variation of MHSP gain and calculated position resolution
(for 573 keV protons) with applied CF4 pressure for a number of different
applied voltages. Note the additional curve showing the expected position
resolution if 6 bar helium is added to a given CF4 pressure.
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the proton range to approximately 1.4mm. CF4 is used for
this purpose, due to its low X-ray and gamma ray
efficiency. Furthermore, when using CF4, a modest
pressure of only 2.6 bar is required to stop the protons
within 1.2mm [6].
The minimum gain required for thermal neutron
detection is 10, taking into account the electronics for
signal acquisition. It is well known that the gain of
conventional GEM drops very sharply with increasing
stopping gas pressures [7]. In addition, the GEMs
operation at elevated pressure becomes limited due to the
maximum voltage being reached before the onset of
discharge processes. For example, a single GEM operating
in CF4 achieves a gain of only about 3 at 3 bar [8]. Recent
work involving operation of the MHSP with noble gases at
elevated pressures, however, has shown the possibility of
much higher gains than either a single GEM or triple
GEMs [5,9,10]. We have therefore foreseen distinct
advantages in using the MHSP for thermal neutron
detection and carried out a systematic investigation on
the operation of the MHSP in CF4, in the 1 to 2.65 bar
range.
2. Experimental set-up
The MHSP used for this study consists of a 50mm
kapton foil substrate, where a copper layer of 5mm
thickness was deposited on both sides and patterned as a
GEM in one side and as a microstrip geometry with the
holes emerging from the cathodes on the other side. The
microstrip pattern has a pitch of 200mm with width of the
anodes and cathodes set at 20mm and 100mm, respectively.
The 60mm diameter holes have a distance of 140mm
between their centres along the cathode and 200 mm in the
orthogonal direction. The detector has a 25 mm mylar
window and a drift region of 5mm. The drift field used
was 40V/cm ðVT=0:5Þ. This field was not optimised for
energy resolution. For the measurements, 5.9 keV Mn
and 22.1 keV Ag X-rays were used to study the detector
performance with CF4 pressures up to 2.65 bar.
The charge pulses from the detector were collected by a
Canberra 2006 charge pre-amplifier with a charge sensitiv-
ity of 235mV/Mion-pair and then shaped by a Tenelec
TC243 amplifier with a shaping time of 4ms. To establish a
relationship between the pulse height and the detector gain,
a calibrated 2 pF capacitor was used to convert the voltage
signal from a BNC pulse generator and provide a well
known charge signal to the pre-amplifier input. Having the
information of the W value for CF4, the number of
primary electrons per X-ray photon is known and the
detector gain can then be determined.
3. Measurements and discussion
Fig. 1 shows the variation of the effective gain (M) as a
function of the voltage applied across the MHSP holesðVCTÞ for a number of different CF4 pressures. Fig. 1 also
shows curve fits using a generalised gain formula [11]:
lnðMÞ ¼ ðVCT=aÞ expðb=  VCTÞ
where a and b are constants. The higher values of the gain
shown in Fig. 1 correspond to the upper voltages before the
onset of discharges. It was observed that the gains obtained
with the MHSP operating in CF4 are well above the
required value of 10 for thermal neutron detection. Using
the fitted data shown in Fig. 1, it was possible to plot gain
as a function of pressure for given VCT values as shown in
Fig. 2. The achievable detector gain decreases with pressure
as expected. However, this decrease is not as pronounced
as in other microstructures such as the conventional GEM
[8]. We were able to demonstrate stable operation of the
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Fig. 3. X-ray energy resolution (%FWHM) of the Mn K X-rays
(5.89 keV) for CF4 pressures of 1 and 1.2 bar and Ag K X-rays
(22.1 keV) for CF4 pressures of 2 and 2.65 bar as a function of the MHSP
gain. In all cases the drift potential VT was maintained at 20V.
Fig. 4. Pulse height Spectrum of Mn K X-ray line (5.9 keV) from Fe-55
source with CF4 at 1 bar. MHSP was held at gain of 1000 with, VCT and
VAC at 510 and 290V, respectively.
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of 2.65 bar.
Fig. 3 shows the variation of the X-ray energy resolution
as a function of the MHSP gain, when CF4 pressure was set
at 2.65, 2.0, 1.2 and 1 bar. The optimum resolution
occurred when the MHSP gain exceeded a value of 1000,being approximately 29%FWHM at 5.9 keV and therefore
poorer than with our previous studies on the MHSP albeit
using noble gas mixtures [12–14]. Fig. 4 is a spectrum
obtained with the MHSP operating at a gain of around
1000 with CF4 at 1 bar. As can be seen from Fig. 4, the
photopeak was completely separated from the detector
noise located below 2 keV.4. Conclusion
We observed that although the MHSP gain decreased
with increasing CF4 pressure, it was not as pronounced as
with other microstructures, such as previous GEM based
studies [8,15]. Our experimental work showed a stable
operation of the MHSP over the gain of 300 using CF4 at
2.65 bar. These studies therefore successfully demonstrated
that it will be possible to detect thermal neutrons whilst
achieving a spatial resolution at 1mm or better provided
one advocates the use of a more advanced microstructure
such as the MHSP. Further studies will be made in the near
future, with a gas mixture of 6 bar 3He and 2.6 bar CF4.Acknowledgements
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